RETROVIRAL VECTOR FOR THE TRANSFER AND EXPRESSION 
OF GENES FOR THERAPEUTIC PURPOSES IN EUKARYOTIC 
CELLS 

q^! ^ 

The object of the invention is novel retroviral vectors, 
particularly for the transfer and expression of genes in eukaryotic 
cells. In this respect the invention proposes vectors particularly 
suitable for use in the transfer of genes for clinical therapeutic, 
prophylactic or diagnostic purposes. 

The rapid development of molecular genetics has led to the 
i dentin cation of an increasing number of molecular abnormalities 
responsible for human diseases. Within the function unit 
constituted by the gene regions responsible for the expression of a 
biological signal and its regulation lie side by side. Each of these 
regions is liable to be the seat of pathological changes leading to a 
qualitative or quantitative abnormality of synthesis. The detection 
of these abnormalities allows screening for them but the major 
objective remains therapeutic 

The transfer of genes for therapeutic purposes or somatic 
"gene therapy" consists of inserting a "repairer" gene in the somatic 
cells of a constituted organism in order to compensate for the 
dysfunction of an endogenous gene; or even to add a novel function 
for a therapeutic purpose The resulting genetic change is likely to 
be transmitted to the daughter cells of the manipulated cell but it 
will not be inherited. The normal counterpart of impaired DNA 
sequences is thus transformed into a medicine 

The field of gene therapy is today being very actively 
developed and combines clinical assays (for still very small patient 
populations) with very fundamental research work in to matters 
such as the modes of gene expression or the vectarization of the 
therapeutic nucleic acid sequences. The vectors presently used are 
derived either from inactivated viruses, such as retroviruses or 
adenoviruses, or macramalecular complexes The retroviruses are 
more suitable for use in a target tissue comprising a contingent of 
stem cells capable of being manipulated ex vivo: on the other hand, 
when the target tissue is constituted of terminally differentiated 
cells or intimately enmeshed in an organ whose architectural 
constraints have major functional consequences, such as the lung, 



the transfer of genes must be performed in viva far example by 
means of adenoviruses. Gene therapy finds applications in diseases 
as diverse as hereditary diseases due to the alteration of a single 
gene, such as Duchenne's myopathy, lysosomal diseases, 
mucovisddosis or acquired diseases such as AIDS, cancers, 
thromboembolic disease or degenerative neurological diseases, 
constitutional hematological diseases. 

Nonetheless, although the potential applications of gene 
transfer are extraordinarily large, the therapeutic developments of 
this approach and its appropriateness still come up against 
technological difficulties. 

In this connection, the development of retroviral vectors more 
efficacious than the existing tools constitute a major objective In 
fact, the retroviral vectors have demonstrated their efficacy in 
systems in which the target cells of the transfer are classically the 
subject of mitoses and ideally involve a contingent of stem cells; but 
the limitations are linked essentially to inadequate infectivity of the 
viruses used and/or a too. mode rate level of transcription. For this 
purpose useful vectors may be selected by considering in particular 
their infective titer. 

The object of the invention is to propose more efficient vectors 
than those existing, most of which are presently derived from the 
backbone of the Moloney murine leukemia virus 

The invention is based on work performed starting from a 
particularly virulent strain of the Friend virus. The isolate 1-5 of the 
ecotropic Friend murine leukemia virus was obtained from long- 
term bone marrow cultures infected by the Friend virus complex 
which induces polycythemia (FV-P) (Mathieu-Mahul et al., 1982). 
The FB29 strain of F-MuLV derived from the isolate 1-5 (Sitbon et 
al., 1986) is responsible for cytolytic and leukemogenic effects on 
erythroid cells, leading to severe early hemolytic anemia followed 
by late erythroleukerrria in susceptible mice inoculated at birth. The 
regions responsible for the erythroleukemia were localized in the 
U3 region of the viral LTR (Sitbon et al., 1986; Sitbon et al., 1991). 
The prindpal determinant of the hemolytic anemia seems to depend 
an specific envelope sequences of the FB29 strain; its severity may 
be affected by three distinct regions, induding a structural segment 
of the envelope, enhancer sequences of transcription localized in the 



U3 region and, finally, sequences of the U5-gag-poI regions (Sitbon 
et al., 1990). 

Furthermore, electron microscopical analyses of the viral 
particles have confirmed a significantly higher packaging capacity 
(1.5 to 2 log). 

The inventors were interested in the specific properties of this 
strain FB29 and have used it to define retroviral vectors 
_ ^- \, According to a first embodiment, the object of the invention 
a recombinant retroviral vector for the cloning and /or express* 
and / or transfer of an exogenous nucleotide sea^encajd'tatacterized 
in that it consists of any sequence contained in-4he" ^a I- Fvu II 
fragment situated approximately between nudeotides 7702 and 
1527 of the sequence givapivFfgure 1 and comprising the LTR 
sequence indudedJxtWeen nucleotides 7842 and 144, the PBS site 
starting atpucte^ide 145, the packaging sequence included in the 
sequenced 250 nucleotides following the end of the LTR sequence, 
the^said sequence being capable of controlling the cloning and/ or 
aression and /or transfer of the exogenous sequence. 

According to another embodiment of the invention, the 
recombinant vector is characterized in that it consists of any 
sequence contained in the Q a I- Bam HI fragment comprising the 
nucleotides 7702 to 310 of the sequence shown in Figure 1, and 
comprising the LTR sequence included between the nucleotides 
7842 and 144, the PBS site starting at nudeotide 145, the packaging 
sequence included in the sequence of 250 nucleotides following the 
end of the LTR sequence, the said sequence being capable of 
controlling the cloning and/ or expression and/or transfer of the 
exogenous sequence, whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 
a N According to this second embodiment of the invention, 
vector is thus a retroviral vector for the cloning and/er-expression 
and/ or transfer of an exogenous nudeo&de-^equence consisting of 
any sequence contained in th e Ckr f TSam HI fragment situated 
approximately betw^^nucleotides 7702 and 310 of the sequence 
given in Figu£e-4rtne said sequence having the capacity to control 
the donirrfand/or expression and/ or transfer of the exogenous 
tfence. 
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The dal and Bam HI sites referred to above have their origin 
in the FB29 strain. 

During the construction of the retroviral vectors or vectors 
destined for the production of packaging lines, these sites may be 
modified and in particular replaced, optionally creating distinct 
enzymatic cleavage sites. 

A vector comprising the Qal -Bam HI fragment thus contains 
two LTR sequences, 5' LTR and 3' LTR having the same viral origin. 
This vector may be modified by deletion of all or part of the viral 
envelope sequence present upstream and /or downstream from the 
sequences 5' LTR and 3* LTR A vector of this type is for example 
pFOCH29-PL described in Figure 7. 

These LTR sequences may be separated in the vector by the 
presence of the gag sequence referred to above and/ or by the 
exogenous nucleotide sequence which it is desired to transfer, clone 

q — According to an attractive embodiment cf_jhejnv^tk3r»7-tt^e^ 
^ recombinant veOaus-^haFaeteri^^ of all of the 

% O^I-Pjj^Htagment, comprising nudeotides 7702 to 1527 of the 
q sequence shown in Figure 1. 

— ^-^Another preferred ret roviral vector consis ts^xjf-^U-Qf-thg^sl^ 
BaiBHI^agrnerTT ( V7U2 to 310)1 " 

A retroviral vector of the invention can be used for therapeutic 
or diagnostic purposes in order to introduce into the patient a 
nucleotide sequence of clinical importance. The vector of the 
invention in fact exhibits the properties of efficiency and safety 
required for this application. 

Advantageously, the control of cloning expression or transfer 
of the exogenous sequence is achieved according to the invention, 
irrespective of the transcriptional orientation of this sequence with 
respect to the transcriptional orientation of the virus. 

An exogenous nucleotide sequence according to the invention 
is a nucleotide sequence which is not naturally contained in the 
genetic material constituting the vector and, in particular, in the 
sequences necessary for the control of the expression, cloning or 
transfer. It may be a natural or synthetic sequence , in particular a 
hybrid sequence 



By the expression "transfer of an exogenous nucleotide 
sequence" is meant the incorporation of a sequence borne by the 
vector into the genome or satellite of this latter of a cell transformed 
by this vector. Such a transfer may be the result of recombination, in 
particular homologous recombination. 

The vector of the invention may thus allow the permanent 
expression in the genome of a target cell of a sequence of exogenous 
nucleotides selected for its property of integration into the genome 
of the target cells. 

According to an attractive embodiment of the invention, the 
exogenous sequence and the sequence contained in the Qal- Pvu II 
fragment or in the Qal- Bam HI fragment or in one of these 
fragments according to the above description are inserted in a 
plasmid, for example m the plasmid Pucl9, plasmid Pucl8 or any 
other suitable plasmid. 

-^.Preferably the i ecombinant vector addihanally_comprhses-a~' 
part of the gag sequencesituatedJaetw^ 619 and 

2245 of thesecju^nee-^Rownm Figure 5, in particular the sequence 
induded-between nudeotides 619 and 1527 of the sequence shown 
in F>^ure 1. 

The presence of a fragment or all of the gag sequence may 
contribute to the stabilization of the vector obtained. The gag 
sequence codes for the nudeoproteins of the Friend virus and 
increases the packaging effidency, at least in its proximal part. 

However, it may be useful to limit the part of the gag 
sequence present in the vector of the invention as a function of the 
size of the exogenous sequence introduced into the vector in order 
to obtain a higher infective viral titer and to diminish the 
production of viral proteins and the risk of generating replication- 
competent viruses. Preferably, the part of the gag sequence present 
in the vector should be less than about 2/3 of the normal gag 
sequence Advantageously, the conserved gag sequence is the part 
of this sequence implicated in the packaging step of the retroviral 
vector obtained. 

A useful vector of the invention is characterized in that it 
essentially lacks the viral sequences pel and/ or env . 

On the other hand, the pel and gag sequences of the FB29 
strain as shown in Figure 5 may be conserved downstream from the 




LTR far the production of packaging lines (see Figure 23 as an 
example). 

The expression of the pol and gag sequences can be controlled 
by a promoter distinct from the viral LTR which is then deleted. 

The object of the invention is thus constructions such as 
described above comprising a sequence contained in the Clal-PvuII 
fragment previously mentioned and comprising in addition the gag 
and pol sequences or a part of these sequences sufficient for the 
production of packaging lines. 

These lines may be used to package the retroviral vector of the 
invention. 

A vector comprising both the Qal- PvuI I fragment (which 
bears a unique LTR sequence) and the gag and pol sequences or a 
part of these sequences may in particular be used in the context of 
the preparation of packaging lines for ex vivo or in vivo gene 

O transfers, the said gene being represented by the exogenous 

% nucleotide sequence 

N| When a part of the env viral sequence is present in the vector 

m *t remains insufficient to allow recombinations likely to produce 
*o replication- competent viruses. 

<^4fe-^= — ^ A useful vector of the invention lacking theaTyelope-seqtrencr^ 
h consists jrfjtheJrag mcnt comprising nud euti e Tes~7806lol527 of the 
g sequen^eshown in figure 1. 

T55uk_^_\The invention also relates to a recombinant vector sudvfcl 
P the sequence contained in the Clal-PvuII fragment (77fJ2-t5f7) 
and/ or this fragment and/ or the sequence j^taiftecfm the 
fragment Clal-BamHI (7702-310) and^or-mTsfragment is replaced 
either by a sequence hybridizn^g-tfnder conditions of high 
stringency with the sequenceoGrresponding to the above- 
mentioned fragmepts"6r by a sequence having an at least 95% 
nucleotide hojrtology with the sequence corresponding to the 
abcve-me^rtloned fragments or at least 85% homology in the case of 
the / JJ3'sequerice. 

Hybridization is performed in the same hybridization media 
as those described in the experimental part by adding, however, 
two rinsings for 10 min at 65°C in a lx SSC, 0.1 SDS medium as 
well as 2 rinsings for 10 min. at 65° C in a 0.1x SSQ 0.1 SDS medium 




The nomenclature of the nucleotides is given above by 
reference to the numbering of the nucleotides of the viral sequence 
shown in Figure 1. 

Optionally, one of the two LTR sequences previously defined 
starting from the sequence of the F-MuLV virus (strain FB29 of the 
Friend virus) may be replaced by a LTR sequence derived from 
another virus, for example from the Moloney murine leukemia 
virus (Mo-MuLV). 

Similarly, the recombinant vector of the invention may also 
contain other retroviral sequences than those which have been 
described above, either derived from the same F-MuLV virus whose 
sequence is given in Figure 5, or derived from another virus. 

The object of the invention is also a recombinant vector 
characterized in that it contains in addition at least one polylinker 
possessing uniques restriction sites with respect to the sites 
contained in the vector. 

Such an adaptor, preferably with multiple sites (polylinker), 
permits in particular the insertion of one or more exogenous 
sequences whose transfer, cloning or expression is desired. 

A perticularly useful vector is the vector characterized in that 
it is the plasmid pFOCH29 deposited under the designation 
pFOCH29-SCSl in a strain of E. coli SCSI with the CN.CM.on 30 
June 1993 under No 1-1326. 

The strain E. coli SCSI is marketed by the STRATAGENE 
Corp company 

A vector of the invention may also contain a marker gene or 
part of a marker gene such as for example the gene for neomycin 
resistance The presence of a marker gene facilitates in particular the 
detection of the presence of the vector in recombinant cells. 

The object of the invention is also a recombinant vector 
complying with the foregoing specifications in which the U3 region 
of the LTR is deleted at least in part such that the transcriptional 
sequences in particular the promoter and/ or enhancer contained in 
U3 is (are) at least in part inactivated or modified. 

In this case, the vector is capable of autoactivation or is a SIN 
vector ("self inactivating vector"). A SIN vector thus constructed 
allows the expression of the exogenous sequence which it contains 
when the latter is placed under the control of a so-called "internal 




promoter", viral or non-viral in nature, optionally the promoter of 
this sequence, or a promoter such as the promoter of the EGF 
(epidermal growth factor) receptor or the ubiquitous PGK promoter 
of phosphoglycerate kinase 

The advantage consists in improving safety (non propagation 
and diminution of the risk of activation of neighbouring sequences). 
Another advantage is to profit from the integration mediated by the 
retroviruses but to specify or target transcription by the internal 
promoter. 

Similarly, the U5 sequence, even if necessary the sequence R, 
may be deleted at least in part. 

This deletion may be performed at the unique LTR sequence 
present in the vector or optionally at each LTR sequence of this 
vector. 

However, this leads most often to a diminution of the viral 
parti de titer, even to the absence of integration into the genome of 
the target cell (if U5 deleted). 

According to another embodiment of the invention, the 
exogenous nucleotide sequence is under the control of an 
exogenous (or internal) promoter. 

By "exogenous promoter" is meant a promoter which is not 
naturally present in the vector. Such a promoter may be the natural 
promoter of the exogenous sequence. It may be a constitutive 
promoter or an inducible promoter. 

A previously defined recombinant vector is preferably 
introduced into a packaging line for example by transfection or 
el ectr op oration. This transfection allows the constitution of viral 
particles intrinsic to the production of recombinations by 
transduction in target cells for the purpose of cloning transfer or 
expression of the exogenous nucleotide sequence contained in the 
vector. 

Thus, a particularly useful vector may be transfected into the 
psi-CRIP line 

It is also possible to have recourse to the packaging line psi- 
CRE or to any other line provided that it does not lead to 
recombinations likely to give rise to the production of wildtype 
viral particles from the proviral DNA contained in the vector. 



According to another embodiment of the invention, the 
recombinant vector may be introduced into liposomes or into, a 
macrcmolecular complex (Monsigny M et al. M/S 1993). 

The F-MuMV vector may be used to produce such packaging 
lines according to the procedure illustrated in McLachlin JR et al., 
1990. Such a line may be constructed from sequences of the gag , env 
and pel genes, the packaging sequence being deleted and at least 
one of the gag, pol or env sequences bearing a point mutation which 
does not adversely affect the resulting protein. 

The vectors of the invention may contain one or mare 
exogenous sequences. These sequences may be inserted outside the 
Qa l- Bam HI or Bam HI- Bam HI fragments as was seen above or, on 
the contrary, may be inserted within these fragments and in 
particular in their LTR sequence 

These vectors may also contain cell targeting elements to 
orient the integration of the vector in specific cells. 

Advantageously, on infection of the target cells, the retroviral 
vector constructions according to the invention lead to a viral titer 
equal to or higher than 10 4 pfu/ml evaluated when the exogenous 
nucleotide sequence coding far the neamydn gene is inserted into 
this vector. 

This vector may have very diverse uses and in particular these 
vectors may be used for the cloning, expression and /or transfer of 
nucleotide sequences having clinical (therapeutic or diagnostic) 
importance. 

Thus it is passible to use the vectors of the invention for the 
transfer into cells, for example somatic cells, of genes far therapeutic 
purposes whatever the disarder(s) cr disease(s) concerned. 

The therapeutically important sequences referred to here are 
for example sequences corresponding to the normal equivalent of a 
nan-functional gene in the case of a given disease or also of an 
antisense sequence or a dominant negative mutant of a given gene 
cr a sequence coding for a functional inhibitor of a gene or the use 
of a marker gene 

The vector of the invention is thus appropriate for the gene 
therapy of cancer by application of gene correction techniques or 
improvement of the strategies for the destruction of tumor cells. 
According to the first approach it is possible to use the vector to 



correct constitutional mutations in the case of hereditary 
predisposition to cancer, abnormalities of the signal transduction 
like the pathways mediated by the ras oncogene and its 
homologies, enhancer abnormalities of oncogenes, inhibitory 
abnormalities of tumor suppressor genes, abnormalities promoting 
genetic instability, abnormalities affecting DNA repair. 

According to the second approach the vector may be used to 
activate prodrugs as in the case of the thymidine kinase gene of the 
herpes virus which converts Ganddovir or Acyclovir into cytotoxic 
drugs, or the cytosine deaminase gene which converts a precursor 
of 5-fluorouracil into an active drug, or to induce or stimulate the 
immune system by manipulation of tumor cells with far example 
cytokine genes, by manipulation of antigen-presenting cells or their 
precursors (hematopoietic stem cells) or by manipulation of the 
immunity effector cells, T cells, B cells, LAK, TILs. 

When the correction of genetic diseases and anemias is 
involved, the invention can for example be applied to the correction 
of inborn errors of metabolism, hemoglobin diseases such as 
thalassemias or sickle cell anemia, diseases of hemostasis and 
coagulation, hereditary diseases of demyeli nation or myopathies 

The vectors of the invention are also suitable far vaccinating 
patients against pathological agents, either permanently or 
transiently. 

The transfer may be achived by transduction into cells, tissues, 
organs or organisms. 

According to another embodiment of the invention, the 
exogenous nucleotide sequence codes for an antigen or an antigenic 
determinant. 

A vector containing such an antigenic determinant should be 
used as permanent or transient vaccine or optionally in the context 
of a therapeutic protocol for example to provoke an immune 
response. 

As an example, sequences of HIV retroviral antigens may be 
incorporated into the vector of the invention. 

In this connection, the retroviral vector of the invention may 
be used for intracellular immunization by using transdcminant 
mutants of CD4, Tat, Rev, Gpl20, decoys with excessive synthesis of 



regulatory proteins such as TAR, specific ribozymes of viral 
sequences or anti sense genes. 

This same procedure may be used to treat other retroviral 
infections. 

The exogenous nucleotide sequence previously mentioned 
may be a sequence of genomic DNA or a cDNA sequence or also an 
RNA sequence. 

Similarly, this sequence may be natural or synthetic 

The object of the invention is also a eukaryotic or prokaryotic 
recombinant cell characterized in that it is modified by a 
recombinant vector of the invention. Advantageously, it is a cell of a 
species not bearing an endogenous retrovirus. 

Such a cell is advantageously a mammalian cell, in particular a 
human cell. 

Similarly, it is either a totally differentiated cell or a cell of the 
precursor type. Far example, the vector of the invention is 
particularly suitable for the modification of hematopoietic cells and 
also hematopoietic cell precursors or of a cell of a lymphomyeloid 
totipotent strain. 

Moreover, glial or neuronal nerve cells may also be modified 
by the vector of the invention. 

Other cells may be modified by the vectors of the invention for 
example T or B lymphocytes, or other mediators of cell immunity, 
tumor cells, medullary stroma, endothelial or mesenchymatous 
cells. 

The recombinant vector according to the invention may also 
be used to modify fibroblasts, cutaneous cells, hepatic cells or 
muscle cells. 

Other cellular targets may be transformed by the vector of the 
invention. Mention should be made of epithelial cells, for example 
of the mammary or vesicular epithelium, tumor cells, accessory cells 
of the nervous system such as precursors of oligodendrocytes or 
Schwann cells. 

It is also possible to modify cell lines such as lines of 
JURKATT T lymphocytes, NK cell lines such as YT2C2, lines of 
monocytes-macrophages (for example U937) or erythro- 
megakaryocyte lines (for example K562). 





become apparent in the examples and Figures which follow 

Figure 1 : Sequence of viral DNA used for the cm struct: an of the 
vector FOCH29. 

Figure 2 : A : Restriction map of the vectqr^FOCH29. 
References Seq "FB29" 
Qa — -> U3 140 (7702-7845) 
U3 — > R 410 (7845-8255). 
R — > CBS 145 (0-1 < 



PvuII BamHI 208 

PvuII y^--> PvuII 1098 
PvuIIMT — -> PvuII 1669 
BsrrtAI -— > 55/150/765/1766/2531/2684 



B : Restriction map cf FOCH 29 in the which the sites are 
indicated using the numbering of the FB 29 sequence shown in 
figure 1 and with the numbering intrinsic to the construction thus 
achieved (numbers in parentheses). 

Figure 3 : Restriction map of the vector FOCH29-Nea The neo gene 
was doned into the poly linker. The enzymes which can be used in 
the polylinker are Xba, Sal, SphI 
Cuts : - Bglll 2070 
5300 
- Bam 1392 
1500 
4456 
-Sal/Bglll 300 
2070 
5000 

Figure 4 : Restriction map of the plasmid pUC19 
Figure 5 : Sequence of F-MuLV 
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Figures 6 to 24 : Restriction maps of the constructions produced 
from the retroviral vector FOCH29 

Examples 

A) PREPARATION OF THE RETROVIRAL VECTOR 
MATERIALS AND METHODS 

1 - Source of the viral genomic material 

The genomic DNa of the provirus was cloned in pBR322 
(Sitbon et al., 1986). After replacement of the Qa.1 site at 7702 of the 
viral sequence by a EcoRI site, the EcoRI-PvuII fragment of 2110 
base pairs (bp) containing all of the viral Long Terminal Repeat 
(LTR) was subcloned at the EcoRI and Smal sites of the pcJyl inker 
of pUC19. 

2 - Construction of the retroviral vector FOCH29 

The HindHI site of the pdylinker of pUC19 containing the 
EcoRI-PvuII fragment was replaced by a Bg lH site, after opening by 
HindHI, filling in with the long fragment of E. coli DNA polymerase 
(Klenow fragment) and ligation with a BglH adaptor not recreating 
the Hind III site; the Bglll site was introduced to receive a BamHI- 
BamHI fragment of 865 bp containing a second copy of the native 
LTR of the Friend virus destined to constitute the downstream LTR 
(or 3' LTR). This BamHI-BamHI fragment was isolated by replacing 
the EcoRI S i Ce of pUC19 by a Bam HI site upstream by means of a 
linker not recreating the EcoRI site after filling in of the ends by the 
Klenow fragment of the DNA polymerase; the BamHI site 
downstream is endogenous to the viral sequence 

This fragment was thus introduced by ligation with the 
backbone (pUC19) whose opening by Bglll made it possible to 
combine the cohesive ends with the ends generated by BamHL The 
resulting plasmid is called pFOCH29. 
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3 - Introduction of a marker gene 

The Bglll-BamHI cDNA fragment (1500 bp) of the gene for 
neomycin resistance derived from the retrotransposon Tn5 (NeoR) 
was introduced between the two viral LTRs after ligation of the 
three fragments : pUC19-5' LTR Bglll, NeoR Bglll-BamHI and 3' 
LTR BamHI-BamHL The resulting plasmid is called pFOCH29-Nea 

4 - Transfection of packa g in g lines psi-CRIP and infection of 

fibroblasts 

The plasmid pFOCH29-Neo was introduced into the 
amphotropic packaging line psi-CRIP described by Danos et al. 
(1988) by transfection using calcium phosphate precipitation 
according to the standard procedure without DNA carrier; 10 
micrograms of plasmid were deposited on a culture dish 35 mm in 
diameter on which 5 x 10 4 cells were seeded the day before. 

The psi-Crip cells were grown in Dulbecco's modified Eagle's 
medium (DMEM, Gibco-BRL) supplemented with 10% newborn 
calf serum (Hyclone). Two days after transfection the cells were 
trypsinized, diluted 1/20 and subjected to selection in the presence 
of geneticin at a final concentration of 1 milligram (mg) per milliliter 
(ml) of culture medium The colonies which appeared after 12 days 
were selected and reimpl anted an 24-well culture dishes at a 
concentration of one clone per well. 

The cell culture supernatant of a well which had reached 
confluence was taken, filtered through a 0.45 urn filter to remove 
cells in suspension and used to infect mouse fibroblasts (NIH3T3) 
seeded identically on 24-well culture plates in the presence of 
polybrene at a concentration of 8 ug/ ml. The NIH3T3 were grown 
in DMEM supplemented with 10% fetal calf serum (FCS). Viral 
integration was analysed by PCR on a lysate of NIH3T3 which had 
reached confluence 

5 - Polymer ase chain reaction (PCR) 



The lysate supernatant of the confluent NIH3T3 in a well of 
the 24-well culture plate was recovered in 100 jul, 10 Jul of which 




were used in the PCR reaction, which is carried out in the following 
buffer : 10X standard PCR buffer induding 25 mM of MgQ2 
(Perkin-Elmer/ Roche MS); 100 nanograms (ng) of each primer; 2 pi 
of dNTPs 10 mM (equimolar mixture of each dNTP at an initial 
concentration of 10 mM, i.a 2.5 mM of each); 2 units of cloned Taq 
polymerase (Perkin-Elmer/Roche MS) for 40 cydes, a single unit for 
25 cydes; in a final volume of 50 pi. 
Two pairs of primers were used. 
The oligonucleotide sequences used_ 
1°) - for the first pair 

5' CTGCTGACGGGAQ£6^£AAAAAC-3' 5' CCCGCTCAGAAGAACTCGTC-3' 




2°) - forthe second pair : 

jACGAGTTCTTCTGAGCGGG-3' 5' GATCTGAACTTCTCTATTCTTG-3' 

The size of the amplified sequences is in the case of the first 
pair , end-gag/ two thirds proximal NeoR gene : 900 bp; and for the 
second pair, one third distal NeoR gene/proximal half of 3 ' LTR : 
610 bp. 

Denaturation 5 rrrin at 94°Q 40 cycles on GeneAmpPCR 9600 
with denaturation 30" at 94°Q annealing 15" at 55°C and elongation 
30" at 72°Q followed by a terminal elongation step of 10 min. 

The samples (15 pi out of 50 pi) were deposited on a 1.2% 
agarose gel (Seakem, FMC) and were subjected to horizontal 
electrophoresis for 45 min at 80 volts; the detection of the signal 
based on the analysis of the intensity of ethidium bromide (BET) 
fluorescence 



6 - Determination of the infective titers 

Each of the clones tested for its capadty to infect NIH3T3 was 
amplified and optionally frozen prior to the analysis of the 
efficiency of infection by PCR 

After PCR two principal clones were selected and amplified in 
order to infect NIH3T3 according to a standard procedure 

1 ml of 16 hours culture supernatant was taken at confluence 
from each produdng clone on a dish 35 mm in diameter, filtered 
through a 0.45 pm filter in order to remove productive cells in 
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suspension. The supernatant was placed in contact with NIH3T3 
cells at 50% confluence on culture dishes of the same diameter (35 
mm) in the presence of polybrene at a concentration of 8 jug/ml of 
medium The cells were incubated for about 2h30 at 37* Q the 
medium was shaken every half hour. Three volumes of fresh 
medium were added after 2h30. 

INFECTIVE VIRAL TITERS 

Successive dilutions of the primary supernatant were used to 
infect NIH3T3 cells; undiluted supernatant and supernatant at 
dilutions 1/10, 1/1000 and 1/100000. Two days after infection the 
cells were trypsinized , subcultured at about 1/20 on three culture 
dishes 100 mm in diameter and placed under selection by the 
addition of geneticin (1 mg/ml) to the supernatant. 

This experimental procedure was made more stringent in the 
sense that : on the one hand, the drug was added very quickly after 
the infection; and, on the other, the direct placing in selection 
without trysinization of the cells prevents the artifidal 
multiplication of the number of resulting colonies, the daughter 
cells derived from an infected cell remained grouped together and 
formed only one colony in situ . Conversely, when the cells are 
trypsinized, the daughter cells spread on the recipient culture dish 
and form artificially independent colonies which, if they are 
counted, artificially multiply the titer. 

SOUTHERN BLOT 

Two days after infection by the undiluted supernatant the 
NIH3T3 were trypsinized, subcultured at about 1/20 on three 
culture dishes 100 mm in diameter, one of which is subjected to 
selection by geneticin. 

At confluence, the genomic DNA of the infected cells for each 
of the two clones after or without selection is extracted then 
quantified. 

The DNA was digested by two restriction enzymes, PstI and 
Kpnl, in order to carry out a Southern blot. After control of the 
quality of the digestion and the deposition of an equivalent quantity 
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of DNA in each well, the transfer was carried out on a nylon, 
Hybond N membrane (Amersham). Hybridization was performed 
with a probe which included all of the viral LTR sequences flanked 
by 100 bases upstream and 100 bases downstream. The probe was 
labelled by primer extension (Feinberg and Vogelstein, 1983, 1984) 
with alpha-32p labelled dCTP of specific activity of 5 x 10^ cpm/jug. 

The hybridization was carried out in a medium consisting of : 
50% deionized formamide, 5 x SSEP; 1 x Denhardt's; 5% dextran 
sulfate and 0.2 mg/ml of sonicated salmon DNA for 20 hours at 
42°C Brief rinsings - vere carried out in a solution of low stringency : 
2 x SSEP/ 0.1 %SDS, 5 min at room temperature and 10 min at 65° Q 
followed by exposure for 3 days to Kodak-XAR-5 films at -80°C 
with LI-Plus intensifying screens (Dupont-NEN). 

7 - Search for the production of helper virus 

This search was carried out by a mobilization test on 3T3BAG 
lines (Danes et al., 1988, Danos, 1991). 

The 3T3BAG cells were initially infected by the undiluted 
supernatant of infected packaging lines Several successive cycles of 
infection of unexposed 3T3BAG with the supernatant of previously 
infected 3T3BAG were carried out to sensitize the test. 



RESULTS 



1 - Construction of the retroviral vector FOCH29 

The viral strain FB29 of the Friend murine leukemia virus was 
isolated (Mathieu-Mahul et al., 1982) and the genomic DNA of the 
integrated provirus was cloned in pBR322 (Sitban et al., 1986). This 
genomic DNA has been completely sequenced (Perryman et al., 
1991). The genomic fragment Qal- Pvu II of 2120 bp was cloned in 
pBR322. This fragment contains the last nucleotides of the sequence 
coding far the pl5E of the viral envelope, all of the Long Terminal 
Repeat (or LTR) and 3/5 of the gag sequence. It constitutes the 
matrix of the architecture of the vector. 
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After replacement of the CJal site by a EcoRI site the E03RI- 
PvuII fragment was subdoned in the EcoRI- Smal of the polylinker 
of pUC19. This clone was, on the one hand, kept intact to form the 
basic architecture of the vector inducting : the upstream LTR or 5' 
LTR, the binding site for the initiator of viral transcription (primer 
binding site or PBS), the packaging sequence, the gag sequences and 
the segment of the polylinker of pUC19 treated by EcoRI / Sma l 
digestion; destined for the insertion of the genes of interest. 

On the other hand, a BamHI-BamHI fragment was derived by 
replacing upstream the EcoRI site by a Bam HI site; arid by taking 
advantage downstream of the endogenous Bam HI site of the virus, 
situated immediately downstream from the donor splice site This 
fragment was introduced into the basic framework of which the 
HindlH site of the polylinker has been replaced beforehand by a 
Bglll site generating ends cohesive with those generated by the 
Bam HI enzyme 

The marker gene derived from the retrotransposon Tn5 which 
confers resistance to neomycin (NeoR) was introduced between the 
two LTRs. After transformation on a strain of super competent 
bacteria of dominant negative recombinase phenotype in order to 
prevent possible reorganization of the sequences present, the 
transf ormants of the expected configuration were selected on the 
basis of the extended restriction map exploring all of the 
construction. One of them, designated pFOCH29, was then 
amplified and purified in order to have available an adequate 
source of material destined for the transf ecti on of helper lines 
producing viral parti des. 

2 - Isolation of producer clones of defective virus 

Transf ecti on of psi-CRIP packaging lines : the plasmid 
pFOCH29-Neo was introduced in to the amphotropic packaging 
line psi-CRIP described by Danos et al. (1988) by transf ecticrt using 
caldum phosphate precipitation according to the standard 
procedure without carrier DNA 

After subjection to selection by genetidn, 40 of the colonies 
formed were taken and the culture supernatant was used to infect 
mouse fibroblasts (NIH3T3). The primary selection process of a 
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series of the most highly productive dories of packaged defective 
viral particles was based an the use of the gene amplification 
procedure by means of the polymerase chain reaction. The viral 
integration is analysed by PCR an a lysate of NIH3T3 which had 
reached confluence. 

Two distinct PCR primer couples were used : 1° a first couple 
amplifying the terminal segment of the gag sequences included in 
the construction and the proximal two thirds of the gene for 
neomycin resistance ; 2° a second primer couple amplifying the 
distal third of the gene far neomycin resistance and the half of 

the downstream LTR ( 3 * ) . 

Four clones were selected an the basis of a more intense PCR 
signal than the other 36; repetition of the procedure confirmed the 
initial data indicating that for two clones the signal was emitted 
markedly mare intensely. These two dones were amplified and the 
culture supernatant of the producer cells was then used to infect 
NIH3T3 ana larger scale far the purpose of evaluating the efficiency 
of the construction in quantitative terms. 

3 - Evaluation of the producer clones 

Quantitative PCR 

A semi -quantitative analysis by PCR was performed by using 
the primer couple amplifying the region corresponding to the distal 
third of the NeoR gene up to the median part of the downstream 
LTR (3' LTR). For each done 1 ug and 3 ug of genomic DNA 
extracted from NIH3T3 cells infected by an undiluted supernatant 
after or without selection by neomycin were used. Each assay was 
performed in duplicate Several dilutions of the plasmid pFOCH29- 
Neo were tested in parallel calculated such that they correspond to 
0.1, 0.5 and 1 copy of transgene for the equivalent of 1 /ug of 
genomic DNA i.e 0.115 pg, 0.575 pg and 1.15 pg respectively for a 
plasmid of 7164 bp. 

The PCR was carried out far 24 cycles, which still corresponds 
to an exponential phase of the reaction. The reading was performed 
by computerized densitometry analysis (Cybertech) of ethidium 
bromide fluorescence (cf. Table). 
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In the case erf the first done a significant difference was 
observed between the intensity of the signal obtained from selected 
and non-selected infected cells; more clear-cut on the samples of 
1 pg (70% of the signal with respect to the selected) than an those of 
3 ug for which the detection system was saturated by the intensity 
of the signal. 

In the case of the second done, there is no difference in 
intensity of the signal between selected and non-selected cells, 
neither for the 1 /jg samples nor the 3 jug samples. This suggests that 
a percentage of the NIH3T3 cells dose to 100% had been infected by 
the undiluted supernatant of this produdng done. The high degree 
of infectivity of this done was moreover suspected by the 
observation of an absence of cell mortality when the NIH3T3 
infected with the culture supernatant were subjected to selection by 
neomydn. 

Southern Blot 

The DNA of the infeded NIH3T3 cells was subjected to 
hydrolysis by two restriction enzymes : Kpnl and Pstl. The expected 
size of the bands after viral integration varies depending on the 
probes used. In the case of the enzyme Kpnl which cuts within the 
LTRs and in the middle of the polylinker of pUC19, a LTR probe 
reveals a constant fragment size of 3610 bp and two fragments of 
variable size depending on the proximity of the endogenous 
genomic Kpnl sites to the integration site; a probe derived by PCR 
with the primers distal third NeoR/ proximal LTR segment, a 
fragment of the same size (3610 bp) is expected and only one of the 
two other fragments variable from one integration to another. 

In the case of the enzyme Pstl which cuts twice in the median 
part of gag and once in the polylinker of pUC19, after integration 
the fragments identified by the former two probes should be of 
variable size; a probe generated by PCR from the second primer 
couple identifies a constant fragment of 790 bases. 

Several dilutions of the plasmid pFOCH29-Neo digested by 
Kpnl and Pstl were analysed on Southern blot, these dilutions 
correspond to 0.1, 0.5 and 1.0 copies of plasmid, respectively, for 10 
pg of genomic DNA 
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Furthermore, the DNA of the infected cells not selected by 
neomycin was systematically placed side by side in order to 
quantify the infectivity of the construction; the cells which had 
undergone selection constituted an infection control of 100%. 

Titration : Infective viral titers by viral dilutions 

Successive dilutions of the primary supernatant were used to 
infect NIH3T3; undiluted supernatant, supernatant diluted 1/10, 
1/1000 and 1/100000. The cells are infected by a viral supernatant 
in the proportion of 0.5 ml per well 35 mm in diameter .- the 
selection drug is added precisely 20 hours after infection directly on 
to the culture dish without trypsinization of the cells. The infective 
titer selected corresponds to the number of colonies observed for the 

last dilution at which Colonies appear , multiplied by the inverse 
of this dilution. 



In the case of the first done the titer of inital producer cells is 
2 x 10 6 pfu/ml. In the case of the second dene the titer is 10 6 
pfu/ml. 

The two producer clones were frozen normally in order to 
conserve initial passages on the one hand; and an the other, 
maintained in continuous culture for several months. The successive 
titrations (dilutions of the viral supernatant) made it possible to 
identify a progressive diminution of the titers. In the case of the first 
clone, the titer passed from more than 2 x 10^ to only 10* in the 
interval of two months' continuous culture; this drastic fall in the 
titer was accompanied by a change in the growth of the cells in 
culture with a concentric appearance and ease of detachment. In the 
case of the second done, the titer passed from more than 10 6 to 105 
in an interval of two months' of continuous culture, to diminish to 
10 3 -10 4 after three and a half months; this moderate fall in the titer 
was not accompanied by any change in the morphology or growth 
of the cells in culture 
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4 - Helper activity assay on 3T3 BAG 

This research was conducted by the mobilization test on 3T3 
BAG lines (Danos et al., 1988; Danes, 1991 ) . 

The 3T3 BAG cells were infected initially by the undiluted 
supernatant of infected packaging lines. Several successive cycles of 
infection of unexposed 3T3 BAG with the supernatant of previously 
infected 3T3 BAG were carried out to sensitize the assay, which 
proved to be negative. Furthermore, colonies of cells resistant to 
neomycin could not be detected after placing the unexposed 
NIH3T3 in contact with the supernatant of infected NIH3T3 selected 
by neomycin. 

5) INTEGRATION SITES 

Human and non-human primate cells were used to identify 
the number of integration sites of the virus after infection. The 
mouse cells provide indications of very moderate quality in as 
much as there exists in these cells a significant background 
associated with multiple integrations of retroviral or retroviral-like 
sequences 

For this purpose, monkey VERO cells were infected with 
several dilutions of viral supernatant. In the case of the dilution 
10 -2 , independent clones were obtained; each one having been 
initiated from a single profile of viral integration. The use of a 
restriction enzyme which cuts within the viral construction, on the 
one hand, and in the genomic DNA of the cell host at variable 
distances from the integration sites, on the other, made it possible to 
obtain as many restriction fragments of variable size as there were 
integration events. In this case, the enzymes Xbal or Sail were used. 

6) STABILITY OF THE VIRAL TITERS - MASTER BANK 
SYSTEM 

A homogeneous stock of cells producing virus was constituted 
and extensively controlled for the absence of viruses competent to 
replicate by the following methods : 

- Mobilization test on 3T3 BAG cells 

- Amplification on NIH3T3 

- Intraperitoneal inoculation of newborn mice, 
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in order to study a possible in vivo pathogenesis 

Starting from this cell bank ("Master Cell Bank" MCB) a" 
working cell bank was constituted. The viral titers obtained 
remained stable for several months and were of the order of 20 x 
10 6 to 3 x 10 7 cfu/ml (the initial dilutions having been grown 
systematically only at 10 -6 ). Results were also obtained with an 
assay induding a dilution at lO -7 . The titers are remarkably stable 
for several months at this level of intensity. 

DISCUSSION 

1° Construction of the virus 

The viral construction was based on the principle of 
conservation of critical sequences such as the PBS, the packaging 
sequence, the donor splice site and also on the conservation of a 
long gag segment, the maintenance of which contributes to the 
stabilization of the transcripts as other authors have shown 
(reviewed by McLachlin et al. f 1989). 

Several other constructions derived from the same retroviral 
skeleton have been produced previously; including an initial one in 
which the 3' LTR was flanked upstream and downstream by longer 
retroviral sequences and in which two polylinkers of pUC19 and 
pUC18 were present. Great instability and modest infectivity 
resulted from this configuration. 

A version similar to that of FOCH29 was constructed; similar 
in all points except far the insertion of a large sequence induding 
the acceptor splicing site of the "clone 57" strain of the Friend virus 
(Sitbon et al.). The resulting plasmid was designated pFOCH29SA- 
Nea The infectivity of this construction proved to be less marked 
than with pFOCH29-Neo. Nonetheless this difference was only 
perceived on the data of the primary screening by PCR 

2° Selection of the producer clones 



The primary selection of the producer clones by the procedure 
described in the Results section exploits the polymerase chain 



reaction; the conditions used limit the resolving power of the 
method to a threshold which corresponds approximately to a 
minimal retroviral titer of 104 pfu/ml. The potential disadvantage 
of this procedure is linked to the not absolutely quantitative 
character of the PCR, in particular for forty amplification cydes; 
consequently, there is a not inappreciable probability of missing 
highly productive clones In order to compensate in part for this 
disadvantage a primary selection procedure based on two 
independent primer couples far PCR was adopted. 

3° Efficienc y of the infection and stability of the virus 

The use of two primer couples far PCR each generating 
amplimers of expected size also makes it possible to verify the 
absence of gross rearrangements of the viral genome after 
integration. within the segments analysed 

This element is best checked by the Southern blot which 
verifies the absence of major rearrangements in the absence of 
inadequate bands both in number and size ; as well as the absence 
of multiple integration events within the cells derived from the 
same clone which would suggest the presence of helper virus. 

Finally, the absence of major rearrangements likely to 
adversely affect the construction is best appreciated by the 
functional assay; demonstrating the acquisition of a phenotype 
resistant to neomydn after chromosomal integration of the marker 
gene 

The efficacy of the infection has been assessed here by means 
of three essential parameters : 1°) the conventional viral titration 
which made it possible to demonstrate titers higher than or equal to 
106 pfu/ml. 

2°) the Southern blot comparing the intensity of the signal obtained 
after hybridization on a hydrolysate of 10 ug of genomic DNA 
derived from infected cells without selection and after selection by 
the drug to which the product of the transduced gene confers 
resistance If theoretically calculated plasmid dilutions were added 
they constitute a less satisfactory standard than that just mentioned. 
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In fact, the plasmid dilutions are such that a miner inaccuracy in 
handling may lead to the erroneous conclusion of a significant 
difference. 

All of these elements added to an experiment (3°) of semi- 
quantitative PC R converge to indicate that the undiluted 
supernatant of the second clone infects the mouse fibroblasts with 
an efficacy close to 100%. 

However, instability of the titers was observed with a rapid 
drastic loss in the case of the first clone and a much mare gradual 
diminution for the best. This phenomenon is a commonplace 
observation in the handling of producer cells which seem to lose 
their initial packaging capacities with successive passages. The 
initial production of large quantities of cells and their careful 
freezing makes it possible to compensate for this disadvantage. 
Nonetheless the titer must be systematically and repeatedly 
checked. 

Furthermore, an amphotropic producer line was selected. 
However, the initial transfection of the ecotropic producer cells 
would have made possible the infection of amphotropic lines, 
possibly repeated reciprocally and repeatedly according to the 
"ping-pong" procedure (McLachlin JR) (by means of the supernatant 
filtered to prevent a possible mixing of the two cell types); this latter 
might contribute not only to increasing the infectivity of the 
resulting producer cells but also to stabilizing the retroviral titers. 
However, it was observed that systematically helper viruses are 
produced and this method can not be used in animals or in the 
clinic 

The quite special efficacy of this construction deserves to the 
emphasized; all the more since the backbone of the FB29 strain of 
the Friend virus differs from that which was used to establish the 
packaging lines. The safety of handling is still further improved 
since the risks of potential recombinations producing replication- 
competent virus are further reduced. 

The introduction of a marker gene or any sense or anti sense 
cDNA sequence or genomic DNA fragment of limited complexity 
(limited number of introns) of a size less than or equal to 7 kb from 
which will be derived a cDNA whose introns will be expelled in the 




targets may be achieved starting from the previously described 
procedure 

In the case in which the preservation of intron sequences 
seems essential to the production of stable transcripts, the genomic 
fragment of a size less than or equal to 7 kb will need to be 
introduced in a reverse transcriptional orientation with respect to 
viral transcription, at best by using a version of the construction in 
which the 3" LTR is deleted from the U3 and in which the genomic 
fragment is placed under the transcriptional dependence of a 
promoter and/or enhancer in the same orientation in order not to 
have competition between the sense transcripts dependent on the 
viral LTRs and an ti sense transcripts dependent on the added 
promoter. 

The introduction of a deletion of all or part of the promoter or 
enhancer sequences of the U3 region of the 3* LTR offers guarantees 
of considerable safety after integration of the retrovirus. In this case, 
the expression of the transgene will need to be placed under the 
dependence of an exogenous promoter and/ or enhancer within the 
construction. 

4) - Integration sites 

The study of the number of integration sites of the virus after 
infection of primate cells has provided very relevant information 
concerning the physiology of the defective viruses with high 
infective titers and concerning the safety of use of these viruses in 
therapeutic applications in man. 

B) ADDITIONAL RETROVIRAL CONSTRUCTIONS 
Bl) GENERAL CONCEPTION AND VERSATILE USE 

1)- SELF-INACTIVATING RETROVIRAL VECTOR (SIN); 
designation : FOCH29-delU3 shown in Figure 6. 

In the light of the physiology of the replication of the genomic 
genetic material of the retroviruses, the modifications intended to 
delete the enhancer viral sequences of transcription were 
introduced at the 3' LTR; viral replication led at the level of the 




target cell of the infection to an integrated provirus whose two LTRs 
were generated from sequences of the initially 3* LTR 

This deletion was hence made on the plasmid containing the 
Bam HI-B g lll fragment including the 3' LTR sequences The 
resulting BamHI-Bglll fragment shortened by 339 bases was excised 
and ligation with the plasmid containing the 5' LTR and the 
adjacent sequences was carried out according to the same procedure 
as for the basic vector. In fact, the enhancer sequences of the 5" LTR 
were left untouched in order that the viral transcription could occur 
and form "readthrough" transcriptions; infectious virus particles 
were thus formed at the level of the packaging line 

The construction design chosen leaves in place the TATA box 
but removes the CAAT box (Yu et al., 1986) by cutting using the 
enzyme BssHII (unique site at 8203 of the sequence of the native 
virus) which excises the CAAT box; the protruding 5* cohesive ends 
generated by the enzyme BssHII are made "blunt" by filling in using 
the Klenow fragment of the DNA polymerase I in the presence of 
dedxynu cl eotides. 

The restriction enzyme used upstream was : 

- either Espl (= iso-Celll) at position 7864, situated 
immediately after the start of the inverted repeats (IR). The 
protruding 5' cohesive ends generated by the enzyme Espl were 
made "blunt" by filling in using the Klenow fragment of the DNA 
polymerase I in the presence of deoxynud eotides. 

- or EcoRV at position 7984 in the middle of the direct repeats 
which the cut interrupts; the ends generated by the enzyme EcoRV 
are blunt. 

Since the ends upstream and downstream have both been 
made blunt, direct ligation was possible to close up the 
construction, henceforth bearing a large deletion in the U3 region. 

The first version delU3 (deletion Espl at 5'/Iso Celll at 3') was 
studied in functional terms : viral infection and integration and 
residual expression. The deletion created here has removed 
practically all of the U3 sequences of the virus. This is ideal in terms 
of safety of the retroviral construction. 

We have been able to show that viral transcription was not 
adversely affected in the packaging lines by introdudngthe beta- 
galactosidase marker gene with a nuclear localization signal in this 



construction. In fact, the producer cells took on a blue colour after 
transection which confirms not only the presence of the gene borne 
by the retroviral construction but also the expression of this 
transgene. 

Ciii-^LL^The viral integration was investigated by molecular methoclsr^ 
in particular by PCR using the following primers : oligo^SENSE 
situated in the beta-gal actosidase gene withthe-fblTowing sequence : 
5' - CGA CTC CTG GAG CCC GTC^GTATC -3'; oligo- 
ANTISENSE situated inJhe^vTraT LTR, overlapping between R and 
the start of U5JLXR-5t)8f: 5' - CAG CGA GAC CAC GAG TCG GAT 
GC - 3Mj>a-fegion which has been prepared by EspI/BssHII 
deletion. 

Alternative constructions consist for example of inactivating 
the viral enhancers as in the case of the deletion with EcoRV, even 
of making shorter deletions leading to the retention by the virus of a 
background transcriptional activity in the target cells of the 
infection. On the other hand, a deletion removing the TATA box in 
addition to the sequences described in the version called the first 
version of 1U3 represents an additional security device ; however, 
considerable reductions of titers may occur when such constructions 
are formed (Yee et al., 1987). 

SIN CONSTRUCTIONS WITH INTERNAL PROMOTERS 

An internal promoter which can be used to create these 
constructions is for example the promoter of the receptor for the 
EGF (Epidermal Growth Factor) derived from the plasmid 
pERCAT2DE(c) (Maekawa et al. 1989) : only the promoter 
sequences situated upstream between the nudeotides -2200 and -15 
(EcoRI-SstI fragment of 22 kb) were selected. The enhancer 
sequences downstream contained in the plasmid pERCAT2DE(Q 
were not induded. Another promoter is the ubiquitous PGK 
promoter (phosphoglycerate kinase). 

2) - DEFINITIONS OF THE EXISTING CONSTRUCTIONS 

2° - 1 A construction was made with a still more reduced LTR 
upstream from the 3" LTR in particular; designation FOCH29-PL 
(for FOCH29 pure LTRs) shown in Figure 7. 




This construction made it possible to assess the advantage in 
terms of genetic stability of the excision of the 140 bases, including 
104 of the end of the envelope upstream from the viral LTRs. 
\Ttjx-^~\The construction was made from the plasmid pUCl/ 
including the EcoRI-PvuII fragment described in part Bl4 : 
enzymatic cutting by the restriction enzyme Espl (pr^soCellD at 
position 7864 (namely +23 of the viral LTR). AMhe 5* end the bases 
generated by a EcoRI cut were arnnd^ly^dded to a double 
stranded synthetic oligonudecrtide^complementary to the 23 bases 
of the LTR (140 base-, 103o/>wfiich are bases of the envelope). At 
the 3' end the oligonucleotide is complementary to the cohesive Spel 
ends. The cJigonudeotide sequences are the following : oligo- 
SENSE 5^AAT TCA ATG AAA GAC CGC AAA TTG C -3'; oh go- 
ANTKENSE 5' - TAA GCA ATT CGG TGG GGT CTT TCA TTG -3\ 

2* - 2 GAG shortened while preserving intact the packaging 
sequences; designation FOCH29-SG (for FOCH29 short GAG) 
shown in Figure 8. 

The basic construction FOCH29 leaves half of the GAG 
sequences in place; the transcription and probably the translation of 
MApl5 and ppl2 being preserved. 

The preservation of a significant portion of GAG has been 
described as being beneficial for the stability of the retroviral 
construction. This may however represent a disadvantage in terms 
of the space available far the exogenous sequences to be vectorized, 
on the one hand; and on the other, in terms of safety of the 
construction, the probability of promoting recambinational events 
with retroviral sequences to generate replication-competent viral 
particles being significantly increased. 

FOCH29 contains scarcely more than half of the GAG 
sequences of the FB29 strain and offers the advantage of very 
remarkable efficacy. 

A culture of the producer clones of FOCH29, maintained for 
18 months, did not lead to the production of an amount of 
recombinations with retroviral sequences generating replication- 
competent viral particles and thus detrimental to the safety of its 
use 





l^j ? In this perspective of improving viral safety, an 

construction was prepared in which the GAG of FB29js-cut at the 
unique Ahalll (or isoDraD site at position 1031;c**iya quarter of the 
GAG sequences are then conserved. The oit^enerated by Ahalll 
having blunt ends as for PvuII used^ofthe cloning of FOCH29, the 
construction was rnadeexactly^uperposable, the cloning upstream 
not being modjfieclr^ownstrearn, the blunted ended Smal site of the 
pdylin^ertafpUCl 9 was used. 



2° -3 Constructions including IRES (for Intra Ribosome Entry 
Site or Ribosome Landing Pads) leading to polycistranic messenger 
RNAs. 

A retroviral construction including IRES is in principle 
designed for the transfer of several genes of interest for which it is 
desired that the level of transcri prion is balanced since it is initiated 
from a single promoter (Morgan et al. f 1992); the most illustrative 
example is that of the transfer of the sequences coding for the 
different chains of a functional molecule in a heterodimeric or 
trimeric context. 

A polycistranic vector was constructed for the transfer of the 
two chains of interleukin 12 or IL12, p35 on the one hand and p40 
on the other. 

The p35 fragment introduced was the following fragment : at 
5" : PstI at position +187 of the sequence, of the two ATG (Met) 
codons in phase (positions 100-102 and 202-204) , that used was at 
position 202-204; and at 3' : EcoRI at position +1065 (stop codon 
TGA at position 904-906). 

The p40 fragment introduced lacked the flanking 5' or 3* 
sequences : Xbal site at position +1 of the sequence (ATG at position 
+9) ; and at 3' : EcoRI at position +1007 (stop codon TAG at position 
993-995). The complementary DNA to p40 has an optimized AUG 
codon (Sequence Kczak CCATGG ; corresponding to the Ncol 
restriction site). 

two types of IRES were used (Borman et al., 1992; 1993); 

- IRES derived from poliovirus which required accurate 
positioning; ribosome binding site at 560, AUG binds to position 
743. 



• # 

This is the fragment Kpnl (position +70) / Ball (position +630) 
which was used : either upstream of p35 (FOCH29-NIRIL12); or 
upstream of the gene for resistance to neomycin (FOCH29-IL12- 
30IR4ON). 

- IRES derived from EMCV (for EncephaloMyoCarditis Virus), 
in which the -IRES sequences derived from EMCV require extremely 
accurate positioning, in phase, of the gene to be expressed. (IRES 
sequences derived from EMCV are sold under the name of pCITE 
for CAP INDEPENDENT TRANSLATION ENHANCER (Novogen, 
USA), very similar to those which were used here). In the light of 
the optimized character of the AUG of p40, it is this chain which 
was associated with the IRES- EMCV whatever the construction; the 
EMCV fragment used comprises a EcoRI site upsteam (position 
+280) and a Ncol site downstream situated just after the AUG (leave 
a "C residue which corresponds to the second base of the fourth 
cod on). 

Three constructions were made : 

Figure 9 1) FOCH-IL12 : p35 / IRES of poliovirus 

/ p40 : LTR promoter 
Figure 10 2) FOCH29-NIRIL12 : neomycin resistance gene / IRES 

of poliovirus / p35 / IRES of EMCV / p40 
Figure 11 3) FOCH29-30IR40N : p30 / IRES of EMCV / p40 / IRES 

of poliovirus / neomycin resistance gene 

These constructions all have resort to an intermediate 
construction in pUC18 in which : 

1°) a Natl site was introduced at each of the ends of the 
polylinker, in Hindlll upstream and in EcoRI downstream; 

2°) a Sal I site was introduced downstream from the polylinker 
between the EcoRI site and the NotI site 

3°) a base motif ("pUCl 8-base") was cloned comprising : p35 / 
IRES of poliovirus / p40. Starting from this base motif, the 
construction FOCH-IL12 was obtained by excision by means of NotI 
digestion; ligation is carried out between the fragment obtained and 
the vector FOCH29 opened by NotI for which a linker was 
introduced at the Xbal site. 
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The constructions FOCH29-NIRIL12 and FOCH29-IL12 r 
30IR40N were obtained after addition respectively : of the block 
neomycin gene resistance / IRES of poliovirus at the SphI site 
upstream from the "pUC18-base"; and the block IRES of poliovirus 
/ neomydn resistance gene at the Sail site downstream from the 
"pUC18-base". 

2° -4 Construction GAG-POL to contribute to the development 
of an original packaging line 

The nucleocapsid proteins and the reverse transcriptase are 
derived from sequences of the FEE 9 strain in the complementation 
line. 

The packaging lines presently available and derived from 
mouse cells possess the following disadvantages : 

- Co-packaging, concomitant with defective constructions, of 
endogenous retroviral sequences (MCF, VL30, even retro- 
transposons). These co-packaged sequences are thus also likely to be 
integrated after infection of the target cells of the transfer. 

- Expression of complementation proteins, in particular the 
envelope, piloted in these lines by a retroviral LTR Although the 
lines of the third generation use complementation retroviral 
constructions comprising several mutation or deletion sites, the 
preservation of LTR sequences is in itself a potential disadvantage; 
in fact, they are capable of giving rise to genetic recombination with 
the defective constructions to be complemented. 

All of these elements have led to attempts to improve the 
safety cf conditions of genetic transfer with retroviral vectors. The 
packaging line was developed on the principle of the third 
generation lines; i.e. with fragmentation of the sequences coding for 
the complementation proteins in two parts (two successive 
transfection steps). ' 

2° -4-1 In the first stage, the steps implying the use of 
sequences derived from the FB29 strain of the Friend virus are 
described : in particular, development of the basic cell "DOGP29". 

DOGP29 was obtained by transfection of the construction 
LTR-SD-deletion psi-GAG / POL detailed below (and cc- 
transf ection with selection gene, resistance to phleomycin) on dog 
fetal cell optimized according to the following criteria : 1 - absence 



ctf endogenous retroviruses; 2 - adherent cell; 3 - rapid growth; 4- 
stable and homogeneous morphology; 5 - easily transferable; 6 - 
very high number of passages tolerated (intensive artificial passages 
for assay); 7 - optionally capable of sustaining LTC-IC (Hemato). 

A Master Cell Bank System is created from the clone of dog 
cells selected according to the intensity of synthesis of viral 
complementation proteins and the stability of expression of the 
reverse transcriptase (POL). 

The complementing gag/pol construction for the 
nucleccapsid proteins and the reverse transcriptase is derived from 
the FB29 strain of the Friend virus. 

The basic construction was assembled from the construction 
described in the paragraph in which the LTR was left in place or 
replaced by the sequences of the RAR-beta promoter. 

A large deletion of the packaging sequences situated upstream 
from the sequences coding for the gag capsid nudeoproteins 
(starting at + 619) is carried out as follows : Spel (or Isocelll) cut, 
unique site at + 280; and PstI at + 560-561 which removes 280 bases. 
A synthetic linker Spel-PstI is synthesized: 5' -CTAGTGCA-3' and 
annealed to the plasmid, cut again by HindllL Ligation is then 
carried out with the third fragment Pstl-Hindlll including the major 
part of the GAG and POL sequences. 

Then, in a second step (after transformation and selection of 
the positive recombinants), the Pstl-PstI (561-737) including the 
ATG of GAG was cloned at the PstI site in its original position in 
order to reestablish the totality of the GAG sequences; the 
orientation of the cloning of this small symmetric PstI- PstI fragment 
is established by enzymatic digestion with Haell (position 720; a 
second site is situated at 4291 but does not disturb the orientation) / 
Ahalll (unique site in the entire FB29 sequence at position 1031) or 
Espl (unique site in th entire FB29 sequence at position 7864 of the 
LTR). As a result of the method used far the cloning at the Hindlll 
site of pUC19 of the DNA sequences corresponding to the entire 
FB29 genome, the end of the POL sequences was recovered as 
follows : initial cut by Hindlll (5060) and Snal (= iso Bstll07I) 
(unique site at 6335); after purification, this fragment was cut again 
by Snal (6079) to produce a fragment of 1019 bases comprising a 
minimum of envelope sequences (244 bases). This fragment was 



subcloned in the Hindlll-HincII of the polylinker of pUC18. The 
polyadenylation signal of SV40 was juxtaposed downstream 
(excised from the plasmid pCRIPgag-2, Danos and Mulligan, 1988) 
from the construction. The POL and paly A sequences were excised 
as a unit from pUC18 and ligation was carried out with the plasmid 
pUC19/partially deleted LTR /dd-psi/GAG / 2/3-POL, described 
in the above paragraph. 

2°-4-2 The conventional amphotropic envelope sequences , 
similar to those used in the psi-CRIP line were used for sequence 
complementation with transcription under viral 5' LTR with a 
polyadenylation site downstream from SV40 as in the psi-CRIP line 
(Danos and Mulligan, 1988). 

B.2. INCLUDING GENES OF INTEREST 
Whether they are constructions : 

- using the basic vector with its native LTRs or the SIN version 
from which the viral enhancers are deleted 

- using various internal promoters for the constructions 
derived from the SIN vector 

- positioning the gene of interest in a sense or antisense 
transcriptional orientation with respect to viral transcription. 

1° - cDNA coding for the beta-gal actosidase with a nuclear 
localization signal (Figures 12, 13) 

2° - cDNA coding for gpl70 derived from the gene for 
pleiotropic resistance to cytotoxic drugs (ex insert derived from 
pMDRl) (Figure 15) 

3° - Genomic sequences and cDNA coding for metallothionein 
IIA (figures 16, 17, 18, 19) 

4° - cDNA of the FACC gene with or without its promoter 
elements, deficient in patients suffering from Fanconi disease of the 
complementation group C 

The FOCH29 retroviral backbone was used : 
a)- either in its native version with transcription defined by 
the activity of the viral Long Terminal Repeats (LTRs). This 
construction makes it possible to assess the efficacy of the LTRs of 
the Friend virus to express the FACC gene in hematopoietic cells 
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b)- or in the deI-U3 version of the viral enhancer which makes 
it possible to test the advantage of a transcriptional cornmand by an 
internal promoter derived from a ubiquitously functioning gene 
with a moderate but stable basic function : it is either the promoter 
of the FACC gene itself or the MT IIA (metallothicnein IIA) 
promoter, or the PGK (phosphoglycerate kinase) promoter. The 
construction using the promoter of the FACC gene is preferred 
provided the level of expression obtained is compatible with a 
phenotypic correction. 

Choice of the cDNA : 

Three different complementary DNAs correponding to three 
types of messenger RNAs were cloned for the complementation 
group C of Fanccni's disease, the open reading frame is identical 
irrespective of the corr.pl ementary DNA considered . (strathdee et ai, 1992). 

One of the messengers is largely predominant in the cells in 
culture Its 5' end con .prises only a part of the exon -1; on the other 
hand, the non-coding 3' end is very extensive The flanking 3' 
sequences seem to have a decisive importance for the stability of the 
transcripts 

Whatever the complementary DNA chosen, the latter is 
excised by BamHI/XhoI cutting and introduced into the retroviral 
constructions in an an ti sense orientation as follows : upstream, Xhul 
is cohesive with the ends generated by Sail cutting ; downstream 
the SphI site is made blunt, thus adapted to the BamHI site itself 
also made blunt. 

1- Most of the complementary DNA is 4.5 kb (size 
corresponding approximately to the upper limit for a retroviral 
vector). 

2- The DNA complementary to one of the other two 
messengers was also used in the sense orientation within the 
enhancer-free retroviral construction (del-U3) to test the potential 
advantage of using flanking 5' sequences and the -1 exon for the 
expression of the FACC gene; the cloning is then achieved by Xbal 
cut made blunt upstream to adapt to BamHI -blunt, the Sall-Xhol 
adaptation being made downstream 

3- finally, mere simply, the complementary DNA 
corresponding to the regions coding for the FACC gene lacking 
flanking regions at 5' and 3' was introduced : 
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- either in the native retroviral vector in the sense orientation 
with transcription governed by the retroviral LTRS 

- or in the enhancer-free retroviral vector in the sense 
orientation with transcription governed by a ubiquitous 
metallothicnein or PGK (phosphoglycerate kinase) promoter. 

5°- cDNA of the PLP gene deficient in patients suffering from 
the Pelizaeus-Metzbacher disease (Dautigny et art., 1986; Hutson LD 
et al., 1989; Morello et al. f 1986). 

A construction (Figure 24 was assembled for the time being in 
order both to express the PLP gene under its highly specific tropic 
natural promoter and inducible by glucocorticoids and to be able to 
monitor oligodendrocytes or Schwann cells expressing PLP in vivo 
after stereotaxic implantation in the brain. 

For this purpose the gene coding for beta-gal act osidase 
equipped with a nuclear localization signal (nls-Lacz) was placed 
under the direct dependence of the LTR The PLP promoter / 
complementary DNA - PLP sequences are placed downstream in 
the pciyli nicer. The BamHI-BamHI fragment of nls-Lacz was doned 
in the BamHI site of the pdylinker of pSPT18. The AluI/BamHI and 
BamHI/ EcoRI fragments (treated with Kl enow in the presence of 
dNTPs) induding respectively the PLP promoter and the PLP 
complementary DNA were doned after ligation to the Smal site 
upstream (in the case of Alul) and EcoRI site downstream in 
pSPT18. 

The entirety of the insert is excised by EcoRI downstream, the 
end of the insert is treated with Klenow (blunt end) then Sail 
upstream; and adapted to the pciylinker of FOCH29 upstream at 
Sail and downstream at SphI treated with Klenow (blunt end). 

Other constructions in the del-U3 version ctf FOCH29 are 
planned including in reverse orientation the PLP promoter followed 
by a sequence comprising the first intron of the gene assodated with 
the complementary DNA The presence of this intron ought to 
improve the expression and stability of the transcripts and allow a 
possible alternative splicing PLP-DM20. 
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6°- cDNAcf each of the chains of interleukin 12 : p35 and p40 
in a pdydstrcrric vector, construed cn described above as example 
of construction comprising IRES. 

Other constructions may be obtained by including for example 
the following genes .- 

T- TIMP : Tissue Inhibitor of Metalloproteinases 
8°- TNF : Tumor Necrosis Factor 
9°- IFN-gamma : gamma Interferon 
10°- IFN-B : beta Interferon 

11°- cytokine genes such as far example interleukin 
C- CELL TARGETS 

The vectors of the invention were used to transfect 
different stem cells As examples the following cells are cited : 

a- HEMATOPOIETIC STEM CELLS OF HUMAN 
ORIGIN 

The retroviral vector FOCH29 was initially constructed 
for the purpose of investigating a viral strain capable of infecting 
hematopoietic stem cells more effectively and of leading to a higher 
significant expression of the genes of interest in these cells than with 
the vectors currently used. This supposed effect is expected as a 
result of a particular tropism of the viral regulatory sequences, in 
particular U3 sequences of the LTRs. 

The gene far neomycin resistance (neomycin phospho- 
transferase derived from from the transposon Tn5) was introduced 
to form the vector FOCH29-Neo previously described and used as 
gene marker. 

For one year the optimal conditions have been studied for the 
transduction of CD34+ hematopoietic progenitors of human origin, 
selected according to various methods obtained either from 11) 
blood of the umbilical cord, 21) bone marrow (allogenic graft), 31) 
stem cells of the peripheral blood mobilized by a combination of 
chemotherapy and growth factors. 

Two orders of problems were envisaged : 
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1- Comparison of different procedures of viral infection 

1-1 Use of viral supernatant versus coculture (on 
packaging cells producing the virus continuously) 

1- 2 Stimulation of the cells by different combinations of 
growth factors 

2- Evaluation of the success of transfer : 

2- 1 absolutely, whatever the stage of differentiation of 
the transduced cells, by means of biological and 
molecular methods 

2-2 in cells capable of representing pluripotential cells 
with the development of long-term cultures, in 
particular of xenogeneic stroma of mouse origin and 
sequential analysis of the donqgenidty of the cells. 
The results (in detail below) obtained, in particular starting 
from viral supernatants, confirm the initial hypothesis of a 
remarkable efficiency of the retroviral vector on the hematopoietic 
precursors. 

The details of the experimental protocols as well as the results 
obtained are described .- 

EXPERIMENTAL PROTOCOLS 

1- COMPARISON OF DIFFERENT PROCEDURES OF VIRAL 
INFECTION 

1-1. Use of viral supernatant versus coculture on packaging cells 
producing the virus continuously. 

In fact, the use of cocultures presents major disadvantages fa- 
human uses relating to : 

1) the potential contamination of the hematopoietic cells by 
xenogeneic cells and 

2) the potential persistence of a multiplication of these 
producer cells in spite of their being irradiated (or their treatment 
by cytotoxic agents) prior to the use in coculture 

3) the significant increase of the risk of the generation of 
replication-competent virus as a result of the presence of sequences 
complementing the defective viruses, capable of indudng 
homologous and non-homologous recombination events with 
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endogenous retroviral sequences or accidental, contaminating 
viruses of the culture media (Terrrin et al., 1990). 

A comparison in parallel was made of the infection of the 
same unique cell source (CD34+ progenitors selected either from a 
unique sac of blood of the umbilical cord; or from a cytapheresis) 
separated into two equivalent samples from all points of view; one 
of them was placed in contact with an adherent sublayer of virus 
producer cells grown to 80% confluence on 1% gelatin in the 
presence of polybrene at a concentration of 2 mg/ml for 48 hours, 
the other sample was placed in a culture flask and covered with 
viral supernatant (undiluted with additional culture medium) 
freshly harvested from cultures of producer cells at confluence and 
filtered through a 0.45/im membrane (removing all of the cells 
likely to have been taken with the supernatant), in the presence of 
polybrene at the same concentration. The infection protocol by viral 
supernatant was based on a repetition of four cycles over 36 hours, 
i.e two cycles per day at an interval of eight hours on two 
successive days. The supernatant was simply added to the culture 
well without the hematopoietic cells being handled or centrifuged. 

The culture medium used for the viral infection irrespective of 
the mode of infection corresponded to the medium optimized for 
hematopoietic stem cells, namely Iscove's modified DMEM (GIBCO- 
BRL) supplemented with 10% fetal calf serum (Boehringer- 
Mannheim) and 10% horse serum (GIBCO-BRL). 

Each parameter was simultaneously tested in at least two 
wells in duplicate. 

After infection, the cells were planted for long-term culture on 
xenogeneic stroma 

1-2. Stimulation of the cells by different combinations of 
growth factors 

Minimized quantities of growth factors were used in order to 
preserve maximally the pluripotentiality of the hematopoietic 
precursors which might be infected, the objective being to best treat 
the cells already spontaneously in cyde 

A comparison has been made on the same cell source and 
under the same condition of infection of : 

r- DIFFERENT COMBINATIONS OF GROWTH FACTORS 
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(Stem Cell Factor : SCF; Leukemia Inhibiting Factor : LIF; 
Interleukin 3 : IL3; Erythropoietin : Epc* Granulocyte-Macrophage 
stimulting factor : GM-CSF). namely .- 

- SCF + LIF 

- SCF + LIF + IL3 

- SCF + LIF + IL3 + Epo 

- SCF + LIF + IL3 + GM-CSF 

2° - DIFFERENT CONCENTRATIONS OF THESE DIFFERENT 
FACTORS 

- SCF : 50 ng/ml; 25 ng/ml; 10 ng/ml ; 5 ng/ml 

- LIF : 10 U/ml; 5 U/ml; 1 U/ml 

- IL3 : 10 U/ml ; 1. U/ml ; 0.1 U/ml 
-GM-CSF 10 ng/ml 

2- EVALUATION OF THE SUCCESS OF TRANSFER 

2-1 All cells taken together immediately after infection, giving 

rise to an initial percentage of transfected cells on the basis of 

molecular and biological methods : 

- CFU-GEMM (assay for the presence of mixed colonies 

Granulous-Erythroid-Monocytes- Megakaryocytes) according to two 
forms : 

- without selection 

- with pharmacological selection by means of neomycin used 
at initially high doses, namely 1 mg/ml. 

- PCR (polymerase chain reaction) on individual colonies 
starting from the CFU-GEMM assays on methylcellulose 
subcultured on non-selected cultures; after subculturing the 
individual colonies were amplified to about 10$ cells per well by 
stimulation with a cocktail of growth factors containing : SCF 50 
ng/ml; GM-CSF 50 ng/ml; IL3 10 U/ml; and Epo 2U/ml. The cells 
were then lysed and analysed (cf protocol and PCR primers 
indicated in the part) . 

2-2 in cells likely to be pluripotential cells 

An assay of long-term cultures on xenogeneic stroma of 
murine origin (line MS5) was used and sequential analysis of the 
donogenicity of the cells. 
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Long-term cultures on xenogeneic stroma, the adherent 
monolayer of which was produced beforehand on a film of 1% 
gelatin. These cultures were grown in "slide-flasks" of 9 cm 2 surface 
area (Nunc) for 60 days; each week half of the surface supernatant 
was removed and replaced by fresh medium containing a minimal 
cocktail of growth factors (Stem CE11 Factor : SCF 5 ng/ml; 
Leukemia Inhibiting Factor : LIF5U/ml; Interleukin 3 : IL3 
0.1 U/ml and erythropoietin : EpoO.l U/ml). 

The long-term cultures were grown in normal medium or in a 
selective medium w?th a stroma genetically manipulated by 
transection with a PGK-neo plasmid in order to be made resistant 
to neomycin. 

The evaluation of the long-term cultures was based on : 

- the observation of the presence of islets of hematopoietic 
cells at the surface on the stromal cells (Cobblestone) 

- the starting at denned times of sequential CFU-GEMM 
assays with or without pharmacological selection for the presence of 
the gene for neomycin resistance The cells sampled were numbered 
and seeded in aliquots of 1000 cell per analysis well. The cells were 
derived either from the surface supernatant generally taken each 
week or from a supernatant withdrawn so as to detach also the 
hematopoietic islets adhering to the stroma (in particular on D60 
when the long-term cultures were stopped) as follows : all of the 
supernatant was taken, the culture dish was then covered with lx 
PBS without calcium- for one to two minutes; this detached the 
partially adherent cells. This second supernatant was itself 
removed, pooled with the first and the whole was centrifuged at 
very low speed (1000 revolutions /minute) on a cushion of fetal calf 
serum which protected the most fragile cells. One part of the 
cellular pellet was planted for CFU-GEMM the other cells being 
simply reseeded on an xenogeneic stroma for long-term culture 

- the molecular characterization of the viral integration was 
analyzed by sequential PCR assays on individual colonies taken 
from the CFU-GEMM (see above). 

- when a sufficient number of cells could be obtained at the 
outset and when the long-term cultures remained very rich, one 
part of the cells was taken for FACS analysis, 
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RESULTS 

1 - LONG-TERM CULTURES 

The cultures were maintained successfully for 60 days without 
changing the stroma during this interval. At that date, the cultures 
were stopped and all of the remaining cells were seeded in CFU- 
GEMM Colonies in CFU-GEMM assay seeded at 60 days from cells 
selected on neomycin were obtained. This confirms the efficient 
transduction of hematopoietic precursors capable of being 
maintained in long-term culture and the conservation of a genie 
expression for several months of the gene carried by the 
construction FOCH29 in the hematopoietic precursors. 

2- COMPARISON OF DIFFERENT PROCEDURES OF VIRAL 

INFECTION 

2-1 Use of viral supernatant versus coculture 

The remarkable efficiency of four repetitive cydes of infection 

by supernatant during two days, without manipulation of the cells 

has been observed in comparison with coculture on a packing line 

for 48 hours 

These data were authenticated by : 

1° The maintenance of long-term cultures in the presence of a 
selection by neomycin on stroma resistant to neomycin; at D60 the 
cell cultures infected by supernatant still remained productive 
whereas the wells infected by coculture were unproductive. 

T The CFU-GEMM assays with a number of colonies, in 
particular mixed colonies, 4 to 5 times more numerous after 
infection by supernatant. 

3° The molecular evaluation of viral integration by PCR on 
individual colonies subcultured and amplified from the CFU- 
GEMMs In the case of the initial assays a transduction of up to 90% 
was detected after infection by supernatant. 

2-2 Stimulation of the cells by different combinations of 
growth factors 

Of the multiple different combinations dted in the 
experimental protocol section, the minimal cocktail of growth 
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factors (GFs) selected at minimal concentrations was the following • 
SCF 10 ng/ml + LIF 10 U/ml. 

In fact, the significant long-term cultures after infection in the 
presence of IL3 at concentrations varying between lU/ml and 
lOU/ml could not be maintained owing to a significant initial 
expansion without maintenance of a productive long-term culture 

Furthermore, no effect of the pretreatment by xenogeneic 
stroma except that a potential contamination by mouse cells was not 
observed. 

These results thus show : 

1° the feasibility of a productive retroviral infection without 
endangering the initiation potential of long-term cultures, starting 
from a viral supernatant but not from a cccultura 

2* the efficiency of both the viral transduction of the 
hematopoietic precursors of human origin derived from the CD34+ 
cells by means of the construction FOCH29; and the expression of 
the gene of interest throughout the long-term culture starting from 
this construction in these same cells. 

These elements attest to the feasibility of therapeutic uses by 
means of this retroviral vector in human hematopoietic stem cells; 
this ought to be confirmed by the results of a protocol of clinical 
experimentation of graft labelling 
b- EPITHELIAL CELLS 

1°- Cells of the vesicular epithelium 

- of rat, dog monkey 

- of human origin 

2°- Cells of the mammary epithelium 

- of rat 

- of human origin 
c- TUMOR CELLS 

1°- Cells of vesicular tumor 

- of rat 

- of human origin 

2*- Cells of mammary tumor 

- of human origin 

d- ACCESSORY CELLS OF THE NERVOUS SYSTEM 
1°- Oligodendrocyte precursors 
2°- Schwann cells 
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These two types of cells of mouse origin were infected with 
the construction FOCH29-Neo in order to evaluate the neurotropic 
tropism of the retroviral LTRs; the expression of the gene of interest 
being governed by the retroviral LTRs. 

The oligodendrocytes were derived from primary cultures; in 
the case of the Schwann cells, the line MSC80 was used After 
infection, the MSC80 cells were maintained in continuous culture 
and subjected to selection by neomycin for four months. The 
characteristic cellular morphology is maintained throughout this 
prolonged period of culture 

The preliminary demonstration of the success of the infection 
of these neurotropic cells and the maintenance of a satisfactory 
expression of the marker gene carried by the FOCH29 vector led to 
the continuation of the work in the direction of therapy : the 
construction of the vector FOCH29-PLP was then achieved. In fact, 
this gene is defective in patients suffering from the Pelizaeus- 
Merzbacher disease (Saugier-Veber et al., 1994). The therapeutic 
advantage of the retroviral transfer of a normal version of the gene 
into the glial progenitors responsible for the synthesis of the myelin 
of the central nervous system, or into genetically manipulated 
Schwann cells is evaluated in mouse models of the human disease 
(Jimpy mouse. Jimpy/MSD (Pham-ESnh et al., 1992) and 
Rumpshaker). We are currently monitoring the in vivo fate of 
genetically manipulated MSC80 cells, after stereotaxic 
reimplantation in the brain. 

The construction FOCH29-PLP uses the endogenous promoter 
of the PLP gene; this latter is also evaluated on a del U3 version of 
FOCH29, in which the transcription of the PLP gene is governed by 
its own promoter. 

e- FIBROBLASTS 

1°- of murine origin 
2*- of canine origin 
3°- of non-human primate origin 
4°- of human origin 
f- CELLS OF HEMATOPOIETIC STROMA 

1°- of murine origin, in the line (line MS5) used for the 
long-term cultures of hematopoietic stem cells with expression over 
more than a year. 
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2°- of canine origin an primary cultures of fetal , 
medullary fibroblasts established in the laboratory. 

3°- of nan-human primate origin 

4*- of human origin 
g- ENDOTHELIAL CELLS 
h- MESENCHYMATOUS CELLS 
i- MESOTHELIAL CELLS 
j- KERATINOCYTES 
k- HEPATOCYTES 
1- LINES of human origin 

f - of T LYMPHOCYTES : TURKATT 

2«- of NK CELLS : YT2C2 

3°- of MONOCYTES-MACROPHAGES : U937 
4°- ERYTHRO-MEGAKARYOCYTIC : K562 
These four cell lines were infected with a viral supernatant 
either in a single cycle or in four cycles of infection (two cycles 
separated by an eight hour interval on two consecutive days). 
Sixteen hours after the infection the cells are subjected to selection 
by neomycin at various concentrations : 0.3 mg/ml; 0.5 mg/ml and 
1 mg/ml. 

A labelling assay with tritiated thymidine was performed one 
week after the infection (i.e. after five days of selection); this assay 
proved to be substantially positive for the lines with rapid growth : 
Jurkatt and K562 whatever the concentration of neomycin used. 

After prolonged selection by neomycin during three weeks, 
the comparative analysis of cellular viability (cells in suspension) 
between the wells selected at different concentrations and the 
control wells without selection shows that a considerable 
percentage of actually transduced cells on which resistance to 
neomycin was conferred : 

T CELL TUMOR LINE TURKATT : 75 to 80% 

NK CELLS YT2C2- 30 to 50% 

MONOCYTES-MACROPHAGES U937 : 40 to 60% 
ERYTHRO-MEGAKARYOCYTIC K562 : 75 to 80% 
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IN VIVO MODEL OF RETROVIRAL TRANSFER 
APPLICATION TO BLADDER CANCER 
Since the bladder is a hallow organ accessible by means 
of a simple endourethral probe, the forms of administration and the 
efficiency of gene transfer by direct endovesicular instillation in 
vivo were evaluated point by point This evaluation involves 
several lines of parameters : 

1° - Efficiency of retroviral transfer of the vesicular urothelium 
by in vivo endovesicular inoculation of viral supernatants 
transporting "reporter" constructions 

2° - Harmlessness of mechanical operations and the 
transduction of the epithelial cells 

3* - Absence of systemic diffusion of the viral particles 
4° - Preferential infection of the tumor cells co mp ared with the 
healthy epithelium 

In fact, the superficial bladder tumors, developed at the 
expense of the vesicular urothelium in 90% of the cases show a 
progression marked essentially by a tendency to recurrence after 
complete exdsicn by endoscopic surgery. A group at high risk of 
recurrence and progression may be defined and includes the tumors 
of stage pTl, multifocal tumors of stage pTa, in situ carcinomas or 
the associated dysplasias, and the multiple tumoral recurrences. 

In this group, non-specific chemotherapy and immunotherapy 
by the endovesicular route are used as prophylactic treatments of 
recurrences after endoscopic surgery. However, the endovesicular 
treatments currently available have proved incapable of eradicating 
the multiple tumoral recurrences, and even in certain cases the 
progression of the tumors. Original therapeutic protocols based on 
the transfer of genes inhibitory of tumoral invasion (TIMP gene, 
construction FOCH29) previously mentioned or capable of 
stimulating the endogenous immune response (constructions 
FOCH29-IL12, FOCH29-IFN-gamma previously cited), cr even 
interf erring with the transduction of the enhancer signals of 
proliferation in the tumor cells must hence be suggested. 
PERSISTENCE OF PACKAGED DEFECTIVE VIRAL 
PARTICLES IN BIOLOGICAL FLUIDS 

In this context the infectivity of the virions after incubation at 
37°C in the presence of urines (filtered through 0.45 Aim membranes 



47 




or non-filtered) volume by volume was analyzed at sequential time 
intervals as follows : 5 mm; 10 min; 15 min; 20 min; 30 min; 45 min; 
60 min; 75 min; 90 min; 120 min; 150 min; 180 min. It was possible to 
demonstrate by using the beta-gal marker gene with a nuclear 
localization signal that the viral titers did not vary during the first 
three hours; the relevance of an approach by in vivo endovesicular 
instillation associated with water intake restriction is confirmed. 
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